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[57] ABSTRACT
In a preferred embodiment, inlet and outlet manifolds

for a forced electrolyte flow battery, the manifolds

having nonuniform cross-sections. The inlet manifold
extends along the base of the battery cells and tapers
from a large cross-section at the inlet end thereof to a
small cross-section at the closed opposite end of the
manifold. The outlet manifold has electrolyte outlets at

“either end of the manifold and tapers from a small cross-

section at the middle of the manifold to large cross-sec-
tions at the electrolyte outlets of the manifolds. The

“1nlet and outlets to and from the inlet and outlet mani-

folds are arranged, respectively, such that the header
connected to the inlet manifold is larger in cross-section
than the cross-section of the inlet manifold at that point
and the headers connected to the outlet manifold are

larger in cross-section than the cross-sections of the
outlet manifold at that point.

5 Claims, 3 Drawing Sheets
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1

TAPERED MANIFOLD FOR BATTERIES
REQUIRING FORCED ELECTROLYTE FLOW

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to batteries
requiring forced flow of electrolyte and, more particu-
larly, to a novel manifold design for the inlet and outlet
of such a battery which results in more uniform distribu-
tion of the flow of electrolyte through the battery, thus
providing longer battery life.

2. Background Art | |

Forced electrolyte flow batteries are employed, for
example, to provide power to electrical equipment in
underwater environments, in which batteries the elec-
trolyte is seawater pumped between the plates of the
batteries. | | | |

One battery for use in such applications is the mag-
nesium/silver chloride battery. The battery consists of a
number of cell plates closely stacked in parallel with
electrolyte entering via an inlet manifold, flowing past
the plates through the inter-plate spaces, and exiting via
an outlet manifold. In such a battery, it is critical that
the corrosion products generated by the electrochemi-
cal reaction be removed from the narrow inter-cell
spaces. If this is not done, clogging will result and the
battery no longer will be able to deliver power, result-
ing in a shortened battery life. To ensure that such cor-
rosion products are removed, the seawater electrolyte is
forced past the plates from bottom to top in order to
complement the natural upward flow of the hydrogen
gas which is produced along with the aforementioned
corrosion products as a by-product of the electrochemi-
cal reaction. | |

It has been found that simply providing inlet and
outlet electrolyte manifolds of constant cross-section

has the disadvantage that, with such manifolds, some of

the battery cells receive very little flow and some even

3

2
lets of the manifolds. The inlet and outlets to and from
the inlet and outlet manifolds are arranged, respec-
tively, such that the header connected to the inlet mani-
fold is larger in cross-section than the cross-section of
the inlet manifold at that point and the headers con-

- nected to the outlet manifold are larger in cross-section
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than the cross-sections of the outlet manifold at that
point.

BRIEF DESCRIPTION OF THE DRAWING

Understanding of the present invention and the vari-
ous aspects thereof will be facilitated by reference to the
accompanying drawing figures, submitted for purposes
of illustration only and not intended to define the scope
of the invention, in which: |

FIG. 1 is a side elevational view, partially in cross-
section of a forced electrolyte battery according to the
present invention.

FIG. 2 is an end elevational view taken along the line
“2—2" of FIG. 1, illustrating the flow paths of electro-
lyte through the battery.

FIG. 3 is bottom plan view looking up, in cross-sec-

tion, taken along the line “3—3” of FIG. 2, illustrating

the end-to-end tapering of the outlet manifold of the
battery. |
FIG. 4 is a top plan view, in cross-section, taken
along the line “4—4” of FIG. 2, illustrating the end-to-
end tapering of the inlet manifold of the battery.
FIG. 5 15 a side elevational view taken along the line
“5—8" of FIG. 3, illustrating the configuration of the

- outlet manifold as viewed from one outlet end thereof.
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experience reverse flow (top to bottom). As a conse- 40

quence, cells experiencing poor electrolyte flow de-
velop clogging and, as a result of such clogging, ex-
pected battery life is not achieved. Furthermore, it is
found that there is turbulence in various sections of the
flow path and this turbulence contributes to the nonuni-
form distribution of electrolyte flow. |
Accordingly, it is a principal object of the present
invention to provide means to improve the distribution
of electrolyte flow in forced electrolyte flow batteries.
It is a further object of the invention to provide such
means that can be easily and economically constructed.
Other objects of the present invention, as well as
particular features, elements, and advantages thereof,
will be elucidated in, or be apparent from, the following
description and the accompanying drawing figures.

SUMMARY OF THE INVENTION
The present invention achieves the above objects,
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among others, by providing, in a preferred embodiment,

inlet and outlet manifolds for a forced electrolyte flow
battery, the manifolds having nonuniform cross-sec-
‘tions. The inlet manifold extends along the base of the
battery cells and tapers from a large cross-section at the
‘inlet end thereof to a small cross-section at the closed
opposite end of the manifold. The outlet manifold has

65

electrolyte outlets at either end of the manifold and
tapers from a small cross-section at the middle of the

manifold to large cross-sections at the electrolyte out-

FIG. 6 is a side elevational view taken along the line
“6—6" of FIG. 4, illustrating the configuration of the
inlet manifold as viewed from the inlet end thereof.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to the Drawing, in which similar or
identical elements are given consistent identifying nu-
merals throughout the various figures thereof, FIG. 1
illustrates a forced electrolyte flow battery, generally
mdicated by the reference numeral 10, which includes a
stack of a plurality of vertical, closely spaced apart
plates, as at 12, or stack, disposed within a cylindrical

shell 14.

- Disposed at the lower edges of plates 12 is an elon-
gate inlet manifold 20 comprising a channel extending
orthogonally therealong and formed in a lower mani-
fold block 21. Electrolyte enters inlet manifold 20
through an inlet header 22 connected to & source of
pumped electrolyte (not shown). Disposed at the upper
edges of plates 12 is an elongate outlet manifold 30
comprising a channel extending orthogonally there-
along and formed in an upper manifold block 31 to
carry electrolyte from the plates for discharge through
outlet headers 32 and 34. It is important that headers 22,
32, and 34 have the same cross-sections as the manifold
connections to which they are attached, or larger cross-
sections (as indicated on FIG. 1), in order to minimize
turbulence within manifolds 20 and 30. It has been
found that such turbulence can hinder or prevent flow
past plates 12 where it occurs.

Reference now also to FIGS. 2-6 will aid in under-
standing the preferred configurations of inlet and outlet
manifolds 20 and 30, respectively. Inlet manifold 20 is
tapered, with the largest cross-section at the inlet end
and with the cross-section of the manifold decreasing
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uniformly to the closed opposite end. This configura-
tion accommodates a greater volume of fluid at the
input end and, due to the, decreasing cross-sectional
area, tends to force an increase in pressure toward the
blocked end, compensating for frictional losses. Outlet
manifold 30 has its smallest cross-sectional area at the
middle thereof and the manifold tapers therefrom to the
two outlet ends, thus accommodating the greater vol-
ume of liquid as each intercell space discharges electro-
lyte into the manifold.

Both 1nlet and outlet manifolds 20 and 30 are shown
as being of rectilinear form; however, such is not re-
quired for practising the present invention. The inven-
tion contemplates only that the manifolds taper gener-
ally proportionally to the varying flow rate of electro-
lyte along the manifolds.

For manifolds approximately 6.75 inches long in a
forced electrolyte/seawater battery 5.7 inches in diame-
ter, having 108 plates spaced 0.02 inch apart, satisfac-
tory results are achieved with dimensions for the pa-
rameters indicated on FIGS. § and 6 as follows:

PARAMETER INLET MANIFOLD OUTLET MANIFOLD
W1, in. 0.75 0.75

D1, in. 0.32 0.25

Area, sq. In 0.24 0.1875

W2, 1n. 0.4 0.4

D1, in. 0.15 0.15

Ares, sq. in 0.06 0.06

Manifold blocks 21 and 31 may be conveniently
formed from a suitable polymeric material with mani-
folds 20 and 30 milled therein.

It will thus be seen that the objects set forth above,
among those elucidated in, or made apparent from, the
preceding description, are efficiently attained and, since
certain changes may be made in the above construction
without departing from the scope of the invention, it is
intended that all matter contained in the above descrip-
tion or shown on the accompanying drawing figures
shall be interpreted as illustrative only and not in a
limiting sense. .

It 1s also to be understood that the following claims
are intended to cover all of the generic and specific
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features of the invention herein described and all state-
ments of the scope of the invention which, as a matter of
language, might be said to fall therebetween.

We claim:

1. In a battery of the type employing a forced flow of
electrolyte and having a stack of a plurality of parallel,
closed spaced apart cell plates, an inlet manifold com-
prising:

(a) an elongate channel having an inlet end and ex-
tending along one side of said stack orthogonal to
the planes of said plates so as to permit electrolyte
entering said inlet end to flow between the spaces
between said plates; and

(b) said channel having a cross-sectional area tapering
from a large cross-section at said inlet end to a first
small cross-section interior to said battery, and

an outlet manifold comprnsing:

(a) an elongate outlet channel extending along the
length of the stack and having a first and second
opposed outlet ends, the elongate outlet channel
extending along one side of said stack orthogonal
to the planes of said plates so as to permit electro-
lyte flowing from the spaces between said plates to
exit said battery via said outlet ends; and

(b) said channel having a cross-sectional area tapering
from large cross-sections at each of said outlet ends
to a second small cross-section interior to said bat-
tery near the midpoint of said outlet channel.

2. The combination as defined in claim 1, wherein
said inlet end is at one end of said battery and said first
small cross-section is at the opposite end of said battery.

3. The combination as defined in claim 1, wherein
said cell plates are vertically disposed, said channel is at
the base of said stack and said outlet channel is at the top
of said stack.

4. The combination as defined in claim 1, wherein
said inlet end is connected to a header having a cross-
section at least as large as the cross-section of said inlet
end.

5. The combination as defined in claim 1, wherein
said first and second outlet ends are attached to headers
having cross-sections at least as large as the cross-sec-

tion of their responsive outlet ends.
* | ¥ % =% =
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